Background: Adult height has been associated with risk of several site-specific cancers, including melanoma. However, less attention has been given to non-melanoma skin cancer (NMSC).
Non-melanoma skin cancer (NMSC), including basal and squamous cell carcinomas (BCC and SCC, respectively) , is the most common malignancy among Caucasians (Narayanan et al, 2010) . It is estimated that over 2 million cases of NMSC occur each year in the US, with incidence continuing to increase (Rogers et al, 2010) . BCC rarely metastasises to other organs or causes death; however, this malignancy results in considerable morbidity and places a huge burden on the health-care system worldwide (Tung and Vidimos, 2002) . In contrast, SCC is more likely to invade other tissues and can be fatal (Tung and Vidimos, 2002) . Both environmental and constitutional factors contribute to the development of NMSC. Ultraviolet radiation is a well-established carcinogen for both BCC and SCC (Gallagher et al, 1995a; Armstrong et al, 1997) . Constitutional risk factors that represent certain components of genetic susceptibility include hair colour, family history, tanning ability, and so forth (Gallagher et al, 1995a, b; Han et al, 2006) .
Taller people are more likely to develop cancer (Renehan, 2011) . Though a number of case-control (Cutler et al, 1996; Shors et al, 2001; Gallus et al, 2006; Olsen et al, 2008) and cohort studies (Thune et al, 1993; Green et al, 2011; Kabat et al, 2013a, b; Wirén et al, 2014) have examined the association between adult height and risk of melanoma skin cancer, the association between height and risk of NMSC has been infrequently investigated. Though one prospective study reported a significantly higher risk of NMSC among taller men and women (Wirén et al, 2014) , BCC and SCC were not analysed separately. In addition, the authors failed to consider important confounders such as race, constitutional factors, and sun exposure history, and potential effect modifications by them. Therefore, a comprehensive assessment of the relationships between height and risk of different types of NMSC is still lacking.
The underlying mechanism for this positive association remains unclear. One possible explanation is that height-related genetic factors are also tied to skin cancer; however, studies exploring this possibility are rare. Adult height is determined by genetic factors to a great extent (Yang et al, 2010) . The largest genome-wide association study (GWAS, n ¼ 253 288) on height was conducted by the Genetic Investigation of Anthropometric Traits (GIANT) consortium, which identified 697 variants at genome-wide significance that together explain one-fifth of the heritability for adult height (Wood et al, 2014) . Testing the associations between these height-related single-nucleotide polymorphisms (SNPs) and NMSC risk may help us better understand the relationship between these two phenotypes and provide more insight into skin tumorigenesis.
Here we used data from the Nurses' Health Study (NHS) and the Health Professionals Follow-up Study (HPFS) to investigate the association between height and risk of incident SCC and BCC simultaneously. We also evaluated the extent to which the observed associations were affected by confounding factors, and tested potential interactions between height and other factors on NMSC risk. To better understand the association at the genetic level, we also examined the individual and combined associations of heightrelated variants identified by the GIANT consortium with risk of NMSC in the genetic data sets of the NHS and HPFS.
MATERIALS AND METHODS

Study population
Nurses' health study (NHS). The NHS is a prospective cohort study established in 1976 with 121 700 female US registered nurses, who were then 30-55 years old. All of them completed and returned a mailed self-administered questionnaire about their medical histories and baseline lifestyle. In 1989 and 1990, a total of 32 826 women provided blood samples. Information regarding medical history, lifestyle, and disease diagnoses was updated every 2 years with a follow-up rate of 90%.
Health professionals follow-up study (HPFS). The HPFS began in 1986 with 51 529 US male health professionals who were 40-75 years old at initial recruitment. They all answered a detailed mailed questionnaire at the inception of the study. Disease-and healthrelated information was obtained and updated through biennial questionnaires. Between 1993 and 1994, 18 159 of these men provided a blood sample. The average follow-up rate for this cohort over 10 years is greater than 90%.
Genetic data sets. Eighteen case-control studies nested within the NHS and HPFS with cleaned genotype data were included. Samples from the 18 studies were genotyped using a variety of platforms, which we then combined into three compiled data sets based on their genotype platform types: Affymetrix (Affy), Illumina HumanHap series (Illumina), or Illumina Omni Express (Omni) (Supplementary Table 1 ). Quality control on SNP completion rate, sample completion rate, ancestry consistency, deviation from Hardy-Weinberg equilibrium, Mendelian consistency, minor allele frequency, and duplication were conducted within each of the three combined data sets. We then imputed the compiled data sets using the 1000 Genomes Project ALL Phase I Integrated Release Version 3 Haplotypes excluding monomorphic and singleton sites (2010-11 data freeze, 2012-03-14 haplotypes) as the reference panel (Supplementary Table 2 ). Basic information on the 18 studies and detailed descriptions of quality control and imputation are provided in Supplementary Materials.
Measurement of height and ascertainment of skin cancers. Height was reported by participants at recruitment (1976 ( for NHS, 1986 for HPFS). New diagnoses of NMSC were reported by participants biennially. With their permission, participants' medical records were obtained and reviewed by physicians to confirm diagnoses of SCC. Medical records were not obtained for BCC; however, several studies support the validity of self-report of BCC in our cohorts. Colditz et al (1986) evaluated the validity of self-reported illnesses including skin cancer in the NHS. Among 33 random samples of women who had reported NMSC, medical records indicated that 30 (91%) had correctly reported their skin cancer. Also, Hunter et al (1990) previously examined risk factors for BCC in the NHS using self-reported cases. As expected, they found that lighter pigmentation and higher tendency to sunburn were associated with an increased risk of BCC. In addition, using the self-reported BCC cases, our group identified the previously well-documented genetic variant in the MC1R gene as the top risk locus in our GWAS for BCC (Nan et al, 2011) .
Measurement of covariates. Information on skin cancer risk factors was obtained from questionnaires in both the NHS and the HPFS in the 1980s. The risk factors included: (1) natural hair colour at age 20; (2) family history of melanoma in first-degree relatives; (3) skin reaction after 2 h of sun exposure as a child/ adolescent; (4) number of severe sunburns over lifetime; (5) mole count measuring 3 mm or larger on the left arm; and (6) states lived in at birth, age 15, and age 30.
Data on weight, smoking status, and menopausal status was first collected at baseline (1976 for NHS and 1986 for HPFS) and then updated biennially in subsequent questionnaires for all cohort members. Body mass index (BMI) was computed as weight in kilograms divided by the square of height in meters for each follow-up cycle. Physical activity was first asked with detail in 1986 in both cohorts and updated every 2 years thereafter. The reproducibility and validity of self-reported physical activity in both cohorts has been evaluated in detail in previous studies (Wolf et al, 1994; Chasan-Taber et al, 1996) . Energy expenditure in metabolic equivalent tasks (METs) (Ainsworth et al, 1993) measured in hours per week was calculated by multiplying the number of hours per week of leisure-time physical activity by the metabolic equivalent (MET) value of the activity and summing the products of all types of activities. Food frequency questionnaires were initially collected in 1980 for the NHS and 1986 for the HPFS, and alcohol intake and diet were generally updated every 4 years. Previous studies have shown that the food-frequency questionnaire validly assesses dietary and alcohol intake during the past year (Willett et al, 1988; Salvini et al, 1989) . Self-reported race that was measured in 1982 in NHS and 1986 in HPFS was also considered. Non-whites were collapsed into one group because of insufficient sample sizes in individual race categories.
Height-related SNPs and calculation of genetic score. Of 697 height-related SNPs identified by the GIANT consortium, 687 were available in our genetic data set. For a locus in which multiple SNPs in linkage disequilibrium (LD, defined as r 2 40.1) were identified, we selected the SNP with the most significant association with height as reported by the GIANT paper, yielding 593 SNPs for genetic score calculation. The scores were calculated only for individuals who had no missing value in any of the chosen SNPs. We assumed an additive genetic model for each SNP, which performs well even when the true genetic model is unknown or wrongly specified (Balding, 2006) . For each individual, we summed the dosage of alleles that are related to increase in height of the 593
SNPs to obtain the simple count genetic score. We also constructed a weighted score by multiplying the dosage of effect alleles by the corresponding regression coefficients in the original GWAS paper and then summing the products. Both the original simple count score and the weighted score were rescaled to a mean of 1186 alleles (2 alleles Â 593 SNPs) before testing their associations with NMSC to make the results comparable. We presented the formula for calculating genetic scores in Supplementary Table 3 .
Statistical analysis
Height and skin cancer. Participants who did not report their date of birth or height were excluded, as were those who had invalid information on height at recruitment (i.e., whose reported height was o120 or 4200 cm). Participants who had baseline cancers were excluded, and those who reported any type of cancer or died during follow-up were censored. We used Cox proportional hazards models stratified by follow-up cycles and age to calculate the hazard ratios (HRs) and 95% confidence intervals (CIs) of each type of skin cancer. Person-time was calculated for each participant from the date of baseline questionnaire return to the date of the first report of NMSC, death, or the end of follow-up (June 2010), whichever came first. When quantifying the relationship between NMSC and height, we modelled height as a continuous measure expressed in 10 cm (increasing) increments. In the multivariate analysis, we simultaneously controlled for age, smoking status, alcohol intake, BMI, physical activity, and menopausal status/ postmenopausal hormone use (only in NHS). Then we fitted a more complex model by additionally including hair colour, family history of melanoma, sunburn reaction as a child/adolescent, number of severe sunburns, mole count, and states lived in at birth, age 15, and age 30. Lastly, race was controlled for in the model to assess potential confounding effects. We tested the heterogeneity of the results among men and women and conducted a fixed-effect meta-analysis if there was no significant gender difference. Multiplicative interactions between height and other potential risk factors of NMSC were tested using the likelihood ratio test comparing a 'main effect only' model vs a model with the product term. All covariates in the multivariable-adjusted models were considered and sequentially tested for interaction each at a time. All statistical analyses were performed using SAS software (version 9.3 for UNIX; SAS Institute, Cary, NC, USA). We considered twosided P-values less than 0.05 to be statistically significant.
Height-related SNPs and skin cancer. Data on participants who appeared in more than one of the three combined data sets were included only once in analyses. Baseline common cancer cases were excluded, as were NMSC cases who had other common cancers before diagnosis of skin cancer. Eligible controls were free of skin cancers or other common cancers. We assessed the associations between individual height-related SNPs and SCC as well as BCC using logistic regression models adjusted for gender, age, and the top three eigenvectors. The same models were fitted for the associations between genetic scores and risk of NMSC. All the analyses were first conducted within each of the platformspecific data sets, and then combined by meta-analysis if results were not significantly different. ProbABEL package and R-3.0.2 were used to perform these tests. We considered two-sided Pvalues less than 0.05 to be statistically significant. Bonferroni correction using the number of independent tests was applied to account for multiple comparisons. has also been found to be related to both melanoma and NMSCs (D'Arcy et al, 1984; English et al, 1998) . We adjusted self-reported race (Southern European/Mediterranean; Scandinavian; Other Caucasian; and Non-white ancestry) in the multivariable models for height-NMSC association; however, such information may be inaccurate.
Therefore, we used participants' genetic data to estimate their accurate ancestry. Genetic ancestry was represented by ancestry coordinates calculated by the Locating Ancestry from Sequence Reads (LASER) method, which has been demonstrated to accurately infer worldwide continental ancestry and even finescale ancestry within Europe. Detailed descriptions of LASER have been published previously (Wang et al, 2014 (Wang et al, , 2015 . We tested the correlation between self-reported European ancestry and the first as well as the second ancestry coordinates to validate the information collected by the questionnaire. We also conducted a sensitivity analysis in which we compared the Cox models without ancestry, with self-reported ancestry, and with genetic ancestry coordinates as covariates. These analyses were restricted to participants in the genetic data set, all of whom are of European ancestry.
RESULTS
Height and skin cancer risk. We included 117 863 and 51 111 participants from the NHS and the HPFS, respectively. We The baseline age-standardised characteristics of participants by quartiles of height are listed in Table 1 . Taller participants tended to be younger, drank more alcohol, excised more, and were more likely to be current smokers. Higher prevalence of Scandinavian ethnicity, family history of melanoma, red/blond hair, presence of arm moles, and painful burn/blister skin reaction after prolonged sun exposure as a child/adolescent were found in higher quartiles of height. Study participants with short stature had a higher BMI than taller participants. These trends were consistent in men and women. In the NHS, the percentage of current hormone replacement therapy users is higher among taller women.
In the age-adjusted models (Model 1 in Table 2 ) and multivariate models without race (Models 2 and 3), height was significantly positively associated with risk of SCC and BCC in both men and women. Further including self-reported race (Model 4) did not alter the results materially in the NHS. Risk of SCC showed only a borderline association with height in the HPFS. In the full model (Model 4), HRs for the associations between per 10 cm increase in height and SCC were 1.09 (95% CI: 1.00, 1.18) in both women and men. For BCC, the HRs were 1.11 (95% CI: 1.09, 1.14) and 1.08 (95% CI: 1.05, 1.12), respectively, among females and males. Although the magnitude of association for BCC appeared to be slightly higher in the NHS, heterogeneity between genders did not reach statistical significance (Table 2 ). The combined HRs were 1.09 (95% CI: 1.02, 1.15) and 1.10 (95% CI: 1.07, 1.13) for the associations of each 10 cm increase in height with risk of SCC and BCC, respectively. We found no significant interaction between height and other covariates in the full multivariable-adjusted model. Height-related SNPs and skin cancer risk. Sample sizes of the genetic data sets before exclusion and number of NMSC cases and controls after exclusion are shown in Table 3 . Among the 687 height-related SNPs available in our genetic data set, 37 and 38 showed nominally significant associations (P-value o0.05) with
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Height, height-related SNPs, and risk of non-melanoma skin cancer risk of SCC and BCC respectively (Supplementary Tables 4 and 5 ). However, none was significantly associated with risk of skin cancers after Bonferroni correction. Mean values and ranges of the genetic scores combining all 593 independent (R 2 for LD o0.1) height-related SNPs were similar among Illumina, Affy, and Omni data sets (Supplementary Table 3 ). The genetic scores were significantly associated with height in our genetic data sets (P-value ¼ 2.3 Â 10 À 37 and 1.8 Â 10 À 47 for simple and weighted genetic scores, respectively). However, we observed no significant association between the scores and risk of NMSC (Table 4) . The results for simple count score and weighted score were similar. Sensitivity analysis and validation of self-reported ancestry. The Pearson correlations between self-reported European ancestry and the first ancestry coordinate were 0.23, 0.28, and 0.31 in Affy, Illumina, and Omni data sets, respectively (all P-values o0.0001). The Pearson correlations between self-reported European ancestry and the second ancestry coordinate were À 0.14, À 0.16, and À 0.16 in Affy, Illumina, and Omni data sets, respectively (all P-values o0.0001). Results of the multivariable-adjusted models with self-reported ancestry and the models with genetic ancestry were not materially different (Supplementary Table 6 ).
DISCUSSION
In this analysis of two large and well-characterised cohorts, height was positively associated with risk of both SCC and BCC. To assess confounding due to potential factors, we fitted three multivariable models and gradually added covariates. The magnitude of associations changed the most when skin cancer constitutional factors and sunburns were adjusted for. Selfreported race did not alter the estimates materially when other covariates were already in the models. The multivariable-adjusted HRs for BCC risk among women were greater than the corresponding ones among men, though tests of gender difference did not yield any significant findings. There were much fewer events for SCC than for BCC over the follow-up period; thus the CIs for the former were wider. Height could represent certain environmental and host factors which may influence the risk of NMSCs. Our results suggest that environmental risk factors such as BMI, smoking, physical activities, pigmentations, sunburn history, and ancestry within the white population are unlikely to explain the observed positive association. Other potential explanations for height-NMSC relation include the link between height and a series of early-life exposures such as nutritional status, living conditions, and serious disease during childhood/adolescence (Silventoinen, 2003) . Living conditions and health status in early life could be ruled out, because childhood poverty and illness have been suggested to correlate with an increased risk of subsequent cancers , but are themselves associated with decreased height in adulthood. Thus, stature as a proxy of childhood nutrient status may better explain the positive association between height and cancer. Both animal studies and epidemiological studies have shown that reduced caloric intake during development reduces future risk of malignancy (Ross and Bras, 1965; Ross and Bras, 1971; Frankel et al, 1998) . Attention has also been focused on the potential mechanistic relevance of growth factors and hormones. Higher levels of circulating insulin-like growth factor promote linear growth during childhood and have been shown to accelerate cell proliferation (Ish-Shalom et al, 1997) and to inhibit apoptosis (Milazzo et al, 1992) . Another possible explanation is that height may be associated with greater skin surface area, which may put more skin cells at risk of malignant transformation and progression to skin cancer (Albanes and Winick, 1988) . However, we were unable to investigate the roles of body surface area or childhood nutrient intake due to unavailability of relevant data.
Genetic factors contribute strongly to adult height. It has been estimated that 80% of the variation in height in Western populations is determined by genetics (McEvoy and Visscher, 2009) . Some have proposed that the association between height and cancers may result from shared genetic components. Certain genes linked with height are also related to cancer regulatory pathways such as p53 and HH/PTCH (Tripaldi et al, 2013) . In addition, height-related SNPs reported by the GIANT consortium have also been associated with risk of testicular cancer and prostate cancer (Wood et al, 2014 ). Yet, it remains unclear whether these height SNPs are tied to skin cancer risk, individually or jointly. In our study, none of the 687 height-related SNPs was significantly associated with SCC or BCC risk after correcting for multiple comparisons. The genetic scores combining all independent SNPs showed no significant association with risk of SCC or BCC. Despite epidemiologic evidence of a link between height and NMSC, we did not detect an association between height GWAS SNPs and NMSC. However, evidence has been insufficient to rule out the roles of genetics. It is possible that the selected SNPs did not cover those genes involved in both height and skin cancers, as we only included height SNPs reported by GWAS studies. Furthermore, regulations beyond the gene level and gene-environment interactions may also explain the observed association.
The strengths of the current study include prospective design with long-term follow-up and high follow-up rate, availability of detailed information on a wide variety of covariates, involvement of both women and men, and targeting on SCC and BCC separately. A major advantage is that we examined the associations between height and skin cancers more thoroughly than what has previously been reported. Potential confounding factors, such as pigmentation and sunburn history, which are critical for skin cancers and have not been considered before, were included in our Cox models. We also considered interactions between height and other covariates. In sensitivity analysis, ancestry within the white population was assessed directly using genetic data, though adjustment for genetic ancestry did not change the results materially. This may be due to lack of power in the genetic subsets and/or the control of skin cancer constitutional factors a Logistic regression models were used to assess the relationship between genetic score of height SNPs and risk of skin cancers, adjusting for age, gender, and the top three principal components.
b
Analyses were first conducted within each of the platform-specific genetic data sets. We used fixed-effect meta-analysis to obtain a combined estimate.
BRITISH JOURNAL OF CANCER Height, height-related SNPs, and risk of non-melanoma skin cancer which have already partly explained variation of ancestry in the models. Moreover, our novel analysis of the associations between height-related genetic variants and risk of skin cancers may eventually yield a better understanding of the underlying mechanisms. To our best knowledge, no such analysis has been conducted for skin cancers. We also acknowledge several potential limitations of the present study. First, height was self-reported rather than measured in our cohorts, which could result in misclassification. However, any misclassification would be non-differential with respect to disease occurrence, because information on height was collected prior to the development of skin cancers. Because non-differential misclassification would bias the estimation downwards, that could not account for the observed positive association. Second, BCC cases were self-reported without further pathological confirmation. However, the high validity of self-reported BCC in these medically sophisticated populations has been confirmed in previous studies (Colditz et al, 1986) . In addition, using the self-reported BCC cases, our group identified the previously well-documented genetic variant in the MC1R gene as the top risk locus in our GWAS for BCC (Nan et al, 2011) . These data support the validity of selfreport of BCC in our study. Third, we did not have information on all relevant confounding variables. For example, data on socioeconomic status, which might affect both height and cancer incidence, were not available. However, our study used cohorts of health-care providers, which has the advantage of minimising confounding by educational attainment and adult socioeconomic status. In addition, adjustment for socioeconomic factors did not affect risk estimates for association between height and cancer in previous large studies (Sung et al, 2009; Green et al, 2011; Kabat et al, 2013b) . We also lacked information on childhood nutritional status, for which height may be a marker. Finally, our cohorts consist primarily of white health professionals and thus results may not be generalisable. However, such homogeneity in a study population would minimise confounding by socioeconomic status and differential access to health care and assure a high quality of returned data.
In conclusion, our data from two large cohorts provide further evidence that greater height is associated with increased risk of SCC and BCC. These associations were not explained by confounding by known risk factors, nor were they modified by those risk factors. No significant association was observed between height-related genetic variants and risk of NMSC, whether individually or jointly. More functional and epidemiological studies on height-related SNPs are needed to confirm our findings. Additional research involving a range of pre-adult exposures, such as diet, psychosocial stress, chronic illness, and social circumstances, which are rarely directly measured in existing data sets, may help clarify possible mechanisms underlying the positive associations.
